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<|2) Aminocarbonyl renin inhibitors. 

Compounds are disclosed of the formula 

FU 0 Rj R;0 Ri 

X-NH-CH-C-NH-CH-CH-CH2-N-C-CH-R9 

OH 

wherein Ri, Rj, R3, R*. R9. and X are defined herein. These 
^| compounds intervene in the conversion of angiotensmogen to 
fi^ angiotensin II by inhibiting renin and thus are useful as anti- 
hypertensive agents. 
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AWINOCflRSOWVL RENIN INHIRTTPRc; 
This invention is directed to new amino 
carbonyl containing renin inhibitors of formula I 
ncludmg .pharmaceutical^ acceptable ■ salts thereof 



R 4 ? R 3 ■ ' R, 0 R, 



11 I I If 7 

X - NH - CH - G - NH -CH -CH - CH,- N - C — CH R 



I 



OH 

wherein: 

. X is 



0 * 5 0 



I' 

R 6"^ GH 2 ) m" C ~ f " NH-CH- c 



? *5 0 

R ,p» , ' 1 " 

V< CH 2 ) m - O-C-fNH-CH-C-H 



R 5 0 



R 6 -(CH 2 ) m - SO 



2 ~~f"NH-CH- c-H 



° r V (CH 2>m CH " C - 



R 5 O 



1/ 

NH - CH - C 



(CH 2>«'- 
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Aminocarbonyl renin inhibitors. 

^2' Ccr^rcuncs are aisciosec cr ;ne formuia 

0 R, R.o R. 

• ii T ' V I 

X-NH-CH-C-NH-CH-CH-CH : -N-C-CH-R, 

OH 

wnere:n R,. R ? . r 3 . r u r 9 anQ x are ' ae f jnea he rein. These 
d compounos intervene .n tne conversion of angioiens.nogen 
^ to angiotensin tl 0y .nn.Diting renin ana tnus are useful as 

antmyoertensive agents 
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R 3 ' R 4 ' R 5 ' R i i - and r t -j are 
independently selected from hydrogen, lower alkyl, 
halo substituted lower alkyl, -(CH 2 ) -aryl, 
-'CH.^-^terocyclo, -(CH 2 ) n -OH, -(CH^-NH^ 
" (CH 2 ) n" SH ' ~(CH 2 ) n -S-lower alkyl, 
-(CH 2 ) n -S-(CH 2 ) g -NH 2 , -CH 2 ) n -0-(CH 2 ) -OH, 
-(CH 2 ) n -0-(CH 2 ) g -NH 2 , -(CH 2 ) n -S-(CH 2 ) g -OH , 

NH o 

• / II - 

-(CH 2 ) n -NH-C , -(CH 2 ) n -C-NH 2 

NH- 



and -(CH 2 ) n -cycloalkyl. 

R x and R 2 are independently selected from 
hydrogen, lower alkyl, -< CH 2 ) m ~aryl , and 
■ (CH 2 ) m -cycloalk y 1 and -<CH 2 ) n -heterocyclo. 

R 6 and R 6* are independently selected from 
lower alkyl, cycloalkyl, aryl, and heterocyclo. 

p is zero or one. 

m and m' are independently selected from- 
zero and an integer from 1 to 5 . 

n is an integer from 1 to 5. 
g is an integer from 2 to 5. 

R 7 is ' -CH 2 ..O.GH 2 -^ ^ -CH 2 ^5) 

or 
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Rg is 2,4-dinitrophenyl. 

R g is hydrogen, lower alkyl, -(CH ? ■) -cyclbalkylV 



II ■ 

'(CH^-aryl, -(CH 2 ) n -heterocyclo, -C-NH-R 1Q , or 



0 
it 

-C-R 13 . 



. R 10 is :hydrogen| lower alkyl , . - ( CH 2 ) m -cycloalkyl, 
-(CH 2 ) m -aryl, -(CH 2 ) n -heterocyclo, or 



R ll ?. R 12 0 



-CH— C NH — CH — C -K R, - 

q is zero or one. 

R 13 is hydroxy, -O-lower alkyl, 
-0-(CH 2 ) m -cycloalkyl, -0-(CH 2 ) m »aryl, 
-0-(CH 2 ) n -heterocyclb/ -NH 2 , or -O-salt forming ion. 

The term lower alkyl used in defining 
various symbols refers to straight or branched 
chain radicals having up to seven carbons. 

The term cycloalkyl refers to saturated 
rings of 4 to 7 carbon atoms with cyclopentyl and 
cyclohexyl being most preferred. 

The term halogen refers to chloro, bromo and 
fluoro. 

The term halo substituted lower alkyl refers 
to such iower alkyl groups described above in 
which one or more hydrogens have been replaced by 
chloro, bromo or fluoro groups such as trifluoro- 
methyl, which is preferred, pentafluoroethyl, 
2,2, 2-trichloroethyl,' chloromethyl, bromomethyl, 
etc. 
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The term aryl refers to phenyl, 1-naphthyl, 
_ 2*naphthyl , mono substituted phenyl, 1-naphthyl, 
or 2-naphthyl wherein said substituent is lower ' 
allcyl of l to 4 carbons, lower alkylthio of l to 4 
carbons, lower alkoxy of 1 to 4 carbons, halogen, - 
hydroxy, amino, ' -NH-alkyl wherein allcyl is of 1 to 
4 carbons, or -N(alkyl) 2 wherein alkyl is of 1 to 4 
carbons, di or tri substituted phenyl, 1-naphthyl 
or 2-naphthyl wherein said substituents are 
selected from methyl, methoxy, me'thylthio, 
halogen, and hydroxy. . . ' 

The term heterocyclo refers to fully satura- 
ted or unsaturated rings of 5 or 6 atoms containing 
one to four N atoms , or one 0 and up to two N atoms/' 
or one £ and up to two N atoms. The heterocyclo 
ring is attached by way of an available carbon atom. 
Preferred heterocyclo groups include 2- and 3-thienyl. 
2- and 3-furyl, 2-, 3- and 4-pyridyl, and 
imidazolyl. The term heterocyclo also includes 
bicyclic rings wherein the five or six membered 
ring containing O, S and N atoms as defined above, 
is fused to a benzene ring. The preferred 
bicyclic ring is ir.dolyl. 

Jones et al. in WO 84/03044 disclose renin 
inhibiting tetra-, penta-, or hexapeptide 
analogues of the formula 

X-D-E-A-3-Z-W 

where X and W are terminal groups; D, E, B and Z, 
of which any one or, except with reduced 
analogues,- two may be absent, are aromatic ; lipo- 
philic or (in the' case of E) aromatic, lipophilic, 
or basic araino acid or amino acid analogue 
residues, and A is an analogue of a lipophilic or 
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aromatic dipeptide residue wherein the peptide link 
_is replaced by one to. four-atom carbon or carbon- - 
nitrogen link which as such or in hydrated form is 

an-unhydrolyzabie-tetrahedrsl— r^^gu^-jf ~ LSe~~ 

transition state of the peptide bond as given . 
above, in particular, A is defined as 
R 4 R i R 2 



-N — C — M — C — G 1 



R 5 R 5 



wherein M can be -CH-OH. 

Selke et al. in European Patent Application 
104,041 disclose renin inhibitory polypeptides 
including the partial sequence 

X- A - B-Z -W and 

X-Phe-His-A-B-Z-W 

wherein A is • r 1 r 3 r 2 q 

I I I II 

-NH-CH — G — N — CH — C- 

and G is 

OH 

i ' ' ■ 

-CH-CH 2 

X is hvdro 9 e n. protecting group, or an amino acyl 
residue, B is a lipophilic amino acyl residue, and 
2 plus W are an amino alcohol residue or Z is 
aminoacyl and W is hydroxy, ester, amide, etc. 

Matsueda et al. in European Patent 
Application 128,672 disclose renin inhibiting 
peptides of the formula 



r 
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CH 2 0 But 



R 1 — C — NH — CH- — -C-NH— CH— X 

wherein But represents an isobutyl or sec-butyl 
group and X includes a group of the formula 
-CH(R 2 )-Y. 

Gordon et al. in U.S. Patent 4, 514,391 
disclose hydroxy substituted peptide compounds of 
the formula . 

OH R R x 0 



R,— CH " CH " CH — N — CH— G — X 
NH 

c=o 
R-> 



which possess angiotensin converting enzyme or 
enkephalinase inhibition activity. 

This invention in its broadest aspects 
•relates to the compounds of formula I above, to 
compositions and the method of using such compounds 
as antihypertensive agents. 

The compounds of formula I wherein 
0 R 5 0 

II ! I! 

X is R 6 -(CH 2 ) m -0-C-FNH-CH— C-h can be 
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prepared by coupling an alcohol of the formula 
(II) 

R 3 R 2 0 R. 

I I l| I 

H 2 N-CH -CH -CH 2 — N — C - CH - R q 



OH 



preferably the hydrochloride salt thereof with 
10 a peptide of the formula 
(III) 

0 V 0 * 4 

• H . I II I 

15 R 5 -(CH 2 ) m -0-C-e NH-CH- C-^ NH-CH - COOH . 

This reaction is preferably performed in a solvent 
such as dimethyl formamide and in the presence of 
hydroxybenzotriazole, diisopropylethylamine, and a 

20 coupling agent such as dicyclohexylcarbodiimide . 

The corresponding compounds of formula I 
wherein p is zero can be prepared by coupling 
the alcohol of formula II with the amino- acid of 
the formula 

25 (IV) 

0 R 4 
' II . I 
R 6 - ( CH 2 ) m -0-C-NH-CH — COOH 



20 



25 



r r- 
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to yield the products of the formula 
(V) 



0 R 4 0 R 3 R 2 0 R l 



II 

°'6 (CH 2 ) m -°'-"^^ " C-NH-CH-CH-CH 2 — N- C -CH-R C 



I 

OH 



When Rg is t-butyl or benzyl, then the product of 
10 formula V can be treated so as to remove the' 

t-butoxycarbonyl or benzyloxycarbonyl . group such 
as by, the use of hydrochloric acid when R & is 
t-butyl to yield the amine of the formula 
(VI) 

15 R 4 ° . R 3 . R, 0 R. 

' ii J " i ii \ . 

■ H 2 N-CK - C-NH -CH-CH-CH 2 — N-C -CH -R g . 



OH 



Coupling with the amino acid of the formula 
(VII) 



R 5 



R 6 - ( CH 2 ) m -0-C — NH - CH -C0OR 



yields the products of formula I wherein 
p is one. 
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The compounds of formula I wherein X 



is 



6 R 5 0 



II I II 

other than R 6 -(CH ? ) f -0-C-f NH — CH - C -h 

can be "prepared by treating the product P of 



^formula I wherein R & is 



0 0 
II II . . 

-C-G-C(CH 3 ) 3 or -c-0-CH 2 -^ and „ is 2ero 

to remove the t-butoxycarbonyl or benzyloxycarbonyl 
group and yield the intermediates of the formula 
(VIII) 

R 5 0 R 4 0 * 3 R, 0 R. 

' I' ' " I Ml 
H 2 N-CH— C-NH-CH — C-NH - CH - CH-CH--N - C-CH -R 

. . , 9 

.OH 



The amine of formula VIII or VI is treated 
with the acid chloride of the formula 
(IX) 

0 
If 

R 6- (CE 2 ) m- C - cl 



in the presence of triethylamine to yield the products 
of formula I wherein 
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R 5 0 



X is R 6 -(CH 2 ) m -C-(- NH-CK- C-*j 



.The amine of formula VIII or VI is treated 
with the substituted sulfonyl chloride of the formul 

' (x) • ' '' ■ - " ■ : ' 

to yield the products of formula I wherein X is . 



R.- O 



R,-(GF_) -SOj^ NH-CH- C->- 



The products of formula I wherein 

0 R 5 0 

ii I H 

X is R,-(CH, V — CH- C e NH-CK-C-)- 



< CH 2 V 



'.- ■ ft ' ■ 

can be prepared by coupling the carboxylic acid 
of the formula 
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(XI) 



R 6 _(CH 2)m"~ CH - c -° H 

- ....u: 



V 



to the amine of formula VI 1 1 or VI in the presence 
of dicyclohexylcarbcdiimide and 1-hydroxybenzo- 
triazole hydrate. Alternatively, the acid of 
formula XI can be converted to the acid chloride 
and this" acid chloride can then be coupled to the 
amine of formula Vin or Vl' in the presence of 
triethylamme and tetrahydrofuran or water and 
sodium bicarbonate. 

When R 2 is hydrogen, the alcohol of formula II 
■can be prepared as follows. A chloromethylJcetone of 
the formula 
(XII) . 



Prot-NH- CH-C -CH 2 -C1 



0 

is treated. with a conventional reducing agent 
such as sodium borohydride, diisobutyl aluminum 
hydride, lithium tri t-butoxy aluminum hydride, 
etc., wherein Prot is a amino protecting group 
such as t-butoxycarbonyl, to give the chloromethyl 
compound of the fomula 



HA15£ 
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(XIII) 

R, 



3 



Prot-NK- CH-CH-CH 2 — CI 



OH 



Treatment with sodium hydride gives the epoxide 
of the formula 
10 (XIV) 

R, 



Pro t - m - CH - CH — CH 2 



15 



which is then treated with ammonia/methanol 
solution to give the aminomethyl alcohol of the 
formula 
20 (XV) 



Prot -NH-CH-CH-CH 2 — NH 2 



25 OH • 

The carboxylic acid of the formula 

(XVI) 

o R i 

HO-C-CH— R g 
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is coupled to the aminomethyl alcohol of formula 

XV to give the alcohol of the formula 

(XVII) 



*3 0 R. 



Prot-NH-CH-CH~CH 2 ~ NH-C -CHj- R g 
OH 



This reaction is performed in the presence of 
hydroxybenzotrxazole hydrate and a coupling agent 
such as dicyclohexylcarbodiimide. . Alternatively 
the acid 0 f formula XVI can be converted to its 
acid chloride or other activated form which can • 

2Zu 6 T ^ aCYlate ^ W alcohol of 

formula XV and give the alcohol of formula XVII 

the Pro T t e c alC ° h01 ° f f0rTOUla XVI1 iS treat6d tc ™e 
the Prot group such as by treatment with hydro- 

chloric acid when Prot is t-butoxycarbonyl and 
give the alcohol of formula II. 

When R 2 is other than hydrogen, the epoxide ' 

f formula XIV is treated- with the amine of the 

ormui a 



o 

formula 
(XVIII) 



followed by treatment with the acid or activated 
form of the acid of formula XVI to give the corres- ■ 
ponding alcohol of formula XVII wherein R, is other 
than hydrogen. The Prot group is removed^ described 
above to give the alcohol of formula II 



r r 

-> — 
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The alcohol of formula II wherein R 3 is 
cyclohexylmethyl can be preoared by treating the 
aminomethyl alcohol of formula XV wherein R 3 
is benzyl with platinum oxide. The resulting 
5 cycloheAyiuusLhyi compound is then reacted with . the. 
acid or. activated form of the acid of formula XVI 
as described above . 

In the above reactions, if any of R, , R 2 , 

R 3' R 4' R 5' R n or R i2 are -(CH 2 ) n -aryl wherein 
10 aryl is phenyl, 1-naphthyl, 2-naphthyl 

substituted with one or more hydroxy or amino 
groups/ -(CH 2 ) n -heterocyclo wherein heterccyclc 
is an imidazolyl, -(CH 2 ) n -NH 2 , -(CH 2 ) n -SH, 

-(CH.)-OH, or -( CH-, ) -NH-C ^ 



20 



then the hydroxyl, amino, imidazolyl, mercaptan', 
or guanidinyl function should be protected during 
the reaction.' Suitable protecting groups include 
benzyloxycarbonyl, t-butoxycarbonyl , benzyl, benz- 
hydryl, trityl, etc., and nitro in the case of 
guanidinyl. The protecting group is removed by 
25 hydrogenation; treatment with acid, or by other 
known means following completion of the reaction. 

The various peptide intermediates employed 
in above procedures are known in the literature or 
can be readily prepared by known methods. See for 
example. The Peptides, Volume 1, "Major Methods Of 
Peptide Bond Formation" , Academic Press (1979). 
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Preferred compounds of this invention are 
those of formula I wherein: 

0 R 5 o 



X is lower alkyl-o-C-NH-CH-C- , 



° _?5. 0 



(Q)-CH 2 -0-C-NH, CH-C- , or 



CH 2 - ) 2 CH-C- 



R x is hydrogen or lower alkyl oil to 5 carbons 
R 2 is hydrogen, lower alkyl of 1 to 5 carbons. 
(CH 2 ) m- c y cl °P eil tyl ' or -(CH 2 ) m -cyclohexyl, or - '. 

(CH 2>m-<(5} * 

m is an integer from 1 to 3 . 



r r 
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R 3 is lower alkyl of 3. to 5 carbons, 
■CH 2 -cyclopentyl, -CH 2 -cyclohexyl or ^CH 2 — ^Q) 



K 4 IS 



CH2 T~5 H " - CH 2-]r^j- CH 2- 0 :CH 




10 - CH MT-pJ ' - CH 2^J> /. -CH 2 -<nV0H , 




IS fcCH 2* 



20 ^ 




N '°2 



125 



30 
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■ R ^ ls ; CH r<o) .. -(ch 2 )^, . CH2 . (Q . naphthyl; 

". CH 2~ (S-naphthyl) , -CH-.. 




TSXJ/^ 0H " > -CH 2 -cyciopentyl , 



-CH 2 -cy=l 0hexyl , - CHr @, - CH _fQi , 




" CH 2\Un . V -CH,-T7— NH 



U-r— NH .. 



or -CH 



2 up: 

i 

H 



R 9 is lower alkyl of 1 to 5 carbons, 
~ (ra 2 V c y cl °P e ntyl, -(CH 2 ) n -cyclohexyl. 

0 

- (CH 2>m-<2) - -< CH 2)nT^q) . or -C-NB-R, n 

R 10 . is lower alkyl of 1 to 5 carbons, 
" ( CH 2 ) m - c y cl °P ent yl - " ( CH 2 ) m -cyclohexyl , 



15 



20 



25 



30 
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Most preferred are the above compounds 
wherein 

OR- 0 ■ 

II I il 

X is (H-C)--C-O-C-NH-CH— C- . 

R x is hydrogen or -(CH 2 ) 3 -CH 3 . 
R 2 is hydrogen, -(CH 2 ) 4 -CH 3 , or 



10 -CH 



r® • ... 

R 3 is -CH 2 CH(CH 3 ) 2 or -CH.-cyclohexyl, 
R 4 is -CH - ,, NH 

N 

R 5 15 " CH 2~{0) 



R 9 is -<CH 2 ) 2 -CH 3 , -CH 2 —/0 ; , or 




o 



I 

-C-NH-CH-^(0) • 




The compounds of formula I form salts with a 
variety of inorganic and organic acids. The non-' 
toxic pharmaceutical!/ acceptable salts are 
preferred, although other salts are also useful in 
isolating or purifying the product. Such 
pharmaceutical!/ acceptable salts include those 
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formed with hydrochloric acid, methanesulfonic 
acid, sulfunc acid, acetic acid, maleic acid, etc. 
The salts are obtained by reacting the product 
wxth^an equivalent amount of the acid in a medium 

ln Whlch salt precipitates. . 

In addition, the compounds of formula I 
_-0- 



wherein R g is -c-R 13 or 

" f"? R 120 



.. ho is -CK-C-eNH_CH-C-^ R and- 

R 13 is hydroxy form acid addition salts when 
treated with a salt forming ion. Suitable salt ' 
forming ions delude alkali metal sal* ions such as 
sodium and potassium and alkaline earth metal salt 
ions such as calcium and lithium. 

The compounds of formula I contain 
asymmetric centers when any or all of R , r , R 
R U' and R 12 «e other than hydrogen and'at^e*' 
carbon to which the -OH group, is attached. Thus, 
the compounds of -formula I can exist in 
diasteroisomeric forms or in mixtures thereof 
The above described processes can utilize 
racemates, enantiomers or diastereomers as 
starting materials, when diastereomeric products 
are prepared, they can be separated by 

conventional chromatographic or fractional 
crystallization methods. 



The compounds of formula I, and the pharma- 
ceutically acceptable salts thereof, are anti- 
hypertensive agents. They 'inhibit the conversion 
of angiotensinogen to angiotensin I and therefore, 
are useful in reducing or relieving angiotensin 
related hypertension. The action of the en2yme 
renin on angiotensinogen, a pseudoglobulin in 
blood plasma, produces angiotensin I . 
Angiotensin I is converted by angiotensin 
converting enzyme (ACE) to angiotensin II. The 
latter is an active pressor substance which has. 
been implicated as the causative agent in several' 
forms of hypertension in various mammalian 
species, e.g., humans. The compounds of this 
invention intervene in the angiotensinogen ^ 
(renin) angiotensin I ^ (ACE) angiotensin II 
sequence by inhibiting renin and reducing or 
eliminating the formation of the pressor substance, 
angiotensin II. Thus by the administration of a 
composition containing one (or a combination) of 
the compounds of this invention, angiotensin 
dependent hypertension in a. species of mammal 
(e.g., humans) suffering therefrom is alleviated. 
A single dose, or preferably two to four divided 
daily doses, provided on a basis of about 100 ( to 
1000 mg., preferably about 250 to 500 mg. per kg. of 
body weight per day is appropriate to reduce blood 
pressure. The substance is preferably 
administered orally, but parenteral .routes such as 
the subcutaneous, intramuscular, intraveneous or 
intraperitoneal routes can also be employed. 



-20- 



-21- 



HA3 S?223437 



f flrt . \ 7h \ C ° mpoxin,is of this invention ca n also be 
formulated in comb ination with a m £«° >• . 

treatment of hypertension. ^ 

5 or this COmbinati0n ^ Pr0du ^ Rising- a compound 
of this invention and a diuretic can be 

aaministered in an effective -amount which 

fi °°^ riSeS * t0tal daUy dOSa ^ e of ^ 1000 to 
6000 mg., preferably about 3000 to 4000 mg 0 f a 
.expound of this invention, and about 15 to 
300 mg preferably about 15 to 200 mg. 0 f the 
atretic, to a kalian species in need thereof 

' cZ ^ ° f ^ diUretiCS c -t em plated for use in" 
co^ina,, Wlth , cpmpQund of ^ ^ « • - 

15 ht d 6 diUretiCS ' 6 - g - ^-thiazide, 

IT r0thia2ide ' ""^hi-id.. Wroflul 
"iSlV ^ ndr ° fi - e ^-^- methyclothiazide, 

« wen as ethacrynic acid, ticrynafen, 

chlorthalidone, furosenude, musolimine, bumetanide 

20 ^T*' -loride and spironolactone and i s 
-.of such compounds. ts 

■ for U J h L C °r U ? ° £ f0n " Ula 1 =an be *° ™Uted 
« the reduction of blood pressure in 
compositions such as tahi .c^ " ■ , 
25 ■ for «t-»t- ^ tablets, capsules or elixirs 

for oral administration or in sterile solutions or 
suspensions for parenteral administration 
About 100 to 500 mg. of a compound of formula lis 
compounded wxth physiologically acceptable 

:0 ItLuLrt er ' 6XC1Pient ' bindSr ' 

called for', " 17 ' 6tC -' in S Unit d ° Sa9e - 
called for by accepted pharmaceutical practice. 
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The amount of 'active substance in these 
compositions or preparations is such that a 
suitable dosage in the* range indicated is obtained. 

The following examples are illustrative of 
the invention. T^uipeuatures are given in degrees 
centigrade . 
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2 Example l 

alanyl ] -N- f 1 - f , -hydroxy-,. f , , 
ethyl | -3-n.ethvl butvl i -r,-Hs ^ -IT^ 1 --^ 
- IS?-f3-Methv1- 1 - (3 - chlQrn .,. hr _, |Trn 
butyl , carbarns acid. i - 1 -*<~-t hvl S ^ 

~" 7 Sodlura borohydride ( l . 9 ~ g". , 50' fimbie ) is 
^vM 0 a K S ° 1Uti0n °. f ( S )-f3- ! nethyl.l- [(chlorb . 
methyl )carbonyl ] butyl Jcarbamic acid 
1,1-dimethylethyl ester (5.3 g. , ao'mmole) in 
tetrahydrofuran/water (50 ml./lO ml.) at 0' with 
storing. After 2 hours the reaction mixture is ■ 
quenched' with 10% potassium bisulfate, diluted 
with ethyl acetate (250 ml.), washed with water 
will Sat T ed S ° diUm bicarbo ^e (twice), and 

ulfate T ^ (tWiCe) ' ° Ver 

solid ?;wf C ° nCentrited t0 5.0. g. of white 

soUd ( s)- ( 3- m ethyl.i-(3-chloro- 2 -hydroxypropyl). 
^yT^T — -methyl ester'.V 

Sodium hydride (0.74 g., 18 . 6 is 
added t0 . solutlon of n,.,,^, 

2-hydrcxypropyDtutyUcar^ic acid, l.l.dimethyi- 
•th,l ester (5.0 g .. l,. S BOl!| in tetrahydro . y 

f«a„ (50 -1.. distiUed,. A fter stirrin, 

ZTlT T T " mPer """' «». "action mi «ure 

filtered and the filtrate concentrated. The 
oily residue is redissolved in ether, filtered and 
concentrated to civ. 4.0, of (S,- [3 . m ethvl-l- 
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(2, 3 -epoxypropyl)butyl] carbamic acid, 1, 1 -dimethyl* 
ethyl ester as a colorless oil - TLC (silica gel; 

c) ( IS )- f 3-Methyl-i-(3-amino-2-hvdroxypropyl )- 
butvllcarbamic acid, 1 , 1-dimethvlethyl ester 

( S ) - [ 3-Methyl-l- ( 2 , 3 -epoxypropy 1 )butyl ] - 
carbamic acid, 1, 1 -dimethyl ethyl ester (3.6 g.. , 
15.7 mmole) -'is* -added, to a solution of saturated 
ammoni a/methanol (100 ml. ) and stirred for 36 hours 
at room temperature. The reaction mixture is 
concentrated into a solid residue of 3.8 g. of 
( IS ) - [ 3 -methyl-1- ( 3-amino-2 -hydroxypropyi )butyl ] - 
carbamic acid; ..'1, 1-dimethylethyl ester; m.p. 
(76° ) 90-92° . 

d) N- f ( 3S ) -3- f f ( 1 , 1-Dimethylethoxv )carbonyi 1 amino 1- 
2 -hydroxy- 5 r»methy Ihexy 1 1 peritanamide ' 

To a solution of ( IS )- [3-methyi-l-(3-amino- - 
2-hydroxypropyl)butyl] carbamic acid, 1 , 1-dimethyl- 
ethyl ester (1.9 g., 7.7 ml.) in .tetrahydrofuran 
(50 ml distilled) at 0° is added IN sodium 
hydroxide (38.5 ml., 38 . 5 mmole ) and a solution of 
valeryl chloride (2.74 ml., 23 . 1 mmole ) in -tetra- 
hydrofuran (20 ml. , distilled) . After stirring 
for 2 hours (0° - room temperature) , the , reaction 
mixture is diluted with ethyl acetate (250 ml. ) 
-and washed with water ( twice ) , saturated sodium 
bicarbonate (twice), and 10% potassium bisulfate 
(twice), dried over sodium, sulfate, and 
concentrated into a colorless oil (2.4 g.). 
Purification by flash chromatography (Whatman 
LPS-1 silica gel,, eluting with ethyl acetate: 
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hexane. i sl) gives 1;o g . of x- [(3s) _ 3 _ [[{11 _ 

d 1 methylethoxy)carbonyl]a m ino]-2-hydroxy-5- • 
methylhexyllpentanamide as a colorless oil 
TLC (silica gel; ethyl acetate : hexane, 4-1) 
R f = .°\ 41 - .... _ 

S) - [(3S) " 3 - Aroi "Q-2 -hydro vy- 5-methvl Wy i '. } . 
pentanam ide,-monohydrochlorrri«» — --- *' • • • ; : • 

A solution of N-[(3S)-3-t[(i, 1 . difliethyl . 

ethoxyjcarbonyl ] amino ] - 2 -hydroxy-5-methylhexyl 1 - 
pentanamide (i.o g., 3.0 mmole) in saturated 
hydrochloric acid/ethyl acetate (50 ml ) is 
. stirred at o». for 3 hours. The reaction, fixture 
- ?.* concentrated into a hygroscopic solid residue 
Trituration with ether gives 0.66 g. of N -[(3S)-'. 

S-araino-Z-hydroxy-S-methylhexyllpentanamide 
monohydrochloride as a white foam; m.p. 37 - 39. 
TLC ( S1 iica gel; 2% - NH^H-n-propanol ) r, = 0 38 ' 
Anal, calc-d. for • HC1 • 0.38 H_0 : ' 

20 r „ C ' 52.68; H. 10.22; N, 10.24; CI, 12.91 

Found, c, 52.68; H,. 10.23; N, 10.24; CI, 12.96. 

} ~ • ' f ( 1 ' ^Diniethylethovy ^arbonvl | .r..^-^ 
alanvl ] -1 . - f ( ph Pny1 methfVn , )methv3 , _ h ! „7~- 

Thionyl. chloride (27.2 ml., 375 mmole) is 
added m drops to a stirred solution in an ice- 
bath of L-histidine (38.75 g. , 240 mmole) iv 
methanol (soo ml.). After 15 minutes the ice-bath 
is removed and the reaction mixture is stirred at 
room temperature for one hour. After refluxing 
for 48 hours, it is concentrated in vacuo The 
separated crystals are filtered using methanol for 
washings to 48.93 g. of L-histidine, methyl ester 
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dihydrochloride. The methanolic solution on 
dilution with ether affords an additional 10 g. of 
product; m.p. 208 - 209 u ; [a] 22 = +10.1° (c = 1.8, 
water). . • D 

Trie thy laxuine ml. , 200 ml. ) and di- cert- 
butyl dicarbonate (4iB g., 220 nunole) are added to a 
suspension of L-histidine, methyl ester (24.2 g. , 
100 mmole) in methanol (80 ml.)- After 3. 5 hours 
the mixture is filtered and the methanolic 
solution is concentrated in vacuo. The residue is - 
taken into chloroform and washed with 10% citric 
acid. The crude product on crystallization from 
isopropyl ether affords 23.1 g. of N, 1 1 -bis [ ( 1 , 1- 
dimethylethoxy )carbonyl] -L-histidine, methyl ester; 

m.p. (62 ) 88 - 95°; [a] 22 "=+25.4° (c = 1.1, 

D " • 

carbon tetrachloride).. 

Benzylchloromethyl ether (11.6 ml., 83.6 mmoie) 
is added to a solution of N, 1 f -bis [ ( 1, 1 -dime thy 1- 
ethoxy )carbonyl] -L-histidine, methyl ester (24.7 g. 
66.9 mmole) in dry methylene chloride (156 ml.) 
and the reaction mixture is stirred at room 
temperature for 5 hours. After concentrating' in 
vacuo and on dissolution in ethyl acetate 17.85 g. 
of N-[(l,l-dimethylethoxy)carbonyl]-l ! -[(phenyl- 
methoxy) methyl] -L-histidine, methyl- ester, mono- 
hydrochloride crystallizes out; m.p. (148°) 152 - 
153°; [or] 22 = -19.5° (c = 1.8, methanol). This 
methyl ester product is dissolved in hydrogen 
chloride in acetic acid solution (60 ml., 1.5 N 
and kept at room temperture for 15 minutes. It is 
then evaporated in vacuo and the residue is 
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dissolved in hot ' isopropanol . After cooling, the " 
eparated crystals are filtered to yield 7.08 g. 

of l-I(Ph«nyl».thoxy) M thyl]-L-hi«tidi M . methyl ■ 
ester, dihydrochloride ; m.p. ( 17 0) 173 - 174- 

' ester "~ C f f nylmeto0x ^ me ^-L-histidine , methyl 
ester, dihydrochloride (1.79 g. , 4 . 94 mo: ^ 

N- [ , 1-dimethylethoxy )carbonyl ] -L-phenylalanine 
,(1-31 g., 4.94 mmole) are dissolved in dimethyl- ' 
f ormanude < 16 ml . ) . while stirring the above 
solution in an ice-bath, dicyclohexylcarbodiimide 
' 2 ml' Wo 4 ^ le) ^ ^^-P-Pnethyla^ine • 

ce b 2' ' ] ^ After 3 hours the 

ie.-b.th- is removed and the reaction mixture i« 

stirred at room temperature overnight.' It is then 

concentrated to dryness and. the residue is , rit J ra . 

ted with ethyl acetate. The . separated urea , s 

filtered off. The ethyl acetate solution is' 

washed with saturated sodium bicarbonate and then 

fro m S eZr ated " Theresid -^. crystallization ' 
from ethyl acetate gives 1.97 g. G f N-[N-f(l . 

dimethylethoxy) C arb 0 nyl]-L-pnenylalanyl]-i.-" 

[(phenyl m ethoxy)methyl]-L-histidine, methyl ester- 
ra.p. (165) 166 - 168°. ' ' 

N- [N- [ ( 1 , 1-Dimethylethoxy ) carbonyl ) -L-- 

J henylalan y 1 3: 1, -f(Phenylmethoxy)methyl]-L- 
h^stidine, methyl ester (4.5 g. , 8 . 4 ls 

Tr'J^t " methan01 ( " ml - } - After «o^- 
to room temperature aqueous sodium hydroxide 

solution (9.24 ml. , IN) is added and ^ 

is stirred at room temperature for 3 hours. it is 



r 



HA 3 59 ^ t ^ ^ / /-\ -7 
-28- J//^J/ 

then concentrated in vacuo and water (60 ml.) is 
added to the residue. After cooling the aqueous 
solution in an ice-jjach, it is acidified to pH 4.5 
using aqueous hydrochloric acid. It is then 
5 extracted with ethyl acetate to yield 3.95 g. of 
crystalline N- [N- [( 1 , 1-dimethylethoxy )carbonyl ] -L- 
phenylalanyl]-l^[(phenylmethoxy)methyl]-L- " 
/ histidine; m.p. 193 - 194°; [a] J 2 = -4-.8° 
(c = 1.1/ dime thy lformamide) . 

10 2) N 2 - f N- f ( 1 , 1 -Dimethvle thoxv ) carbonvl 1 - L- 
phenvlala nyl 1-1 ' - f ( phenvlmethoxy )methvl 1 -N- 
[ 1- f 1 -hvd roxv-2 - r ( 1-oxooentvl ) amino 1 ethvl 1 -3- 
methylbutvl 1 -L-histidinamide 

To a cold (0°) solution of N- [ ( 3S ) -3 -amino- 2- 

15 hydrcxy-5-methylhexyI]pentanamide, raonohycro- 
chloride (66.1 mg., 0.25 mmole) in 10 ml. of 
dimethylfornamide is added diisopropylethylamme 
,(0.043 ml., 0.25 mmole), N- [N- [ ( 1 , 1 -dimethyl - 
ethoxy)carbonyl]-L-pheiiylaianyl ]■-!•-[ (phenyl-. 

20 methoxy)methyl]-L-histidine (130 mg . , 0.25 mmole), 
1-hydroxybenzotriazole hydrate (380 mg. , '* ' 
0.25 mmole) and dicyclohexylcarbodiimide (51 mg . , 
0.25 mmole). After, stirring overnight (0° - room 
temperature), the reaction mixture is diluted with 

25 ethyl acetate and washed with water (twice) and 
saturated sodium bicarbonate (twice), dried over 
sodium sulfate, and concentrated to give 185 mg. 
of N -[N-[.(i, l-dimethylethoxy)carbonyl]-L-phenyl- 
alanyl ] -1 1 - [ ( phenylmethoxy )methyl ] -N- [ 1- ( 1-hydroxy- 

30 2- {(1-oxopentyl ) amino] ethyl ] -3 -methylbutvl )-L- 
histidinamide as a white solid. 
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h) N ~ rN "^ ( 1 ' 1 - Di "ethvl e r h OX v)carbonvn-L-phenvl- 
alanyl 1 -n- r i-.r l-hvdr Q *v. ? . p ( i- OXOBenr . v1 , amH n „ ] . 

ethvl 1-3-methvlbutvl l- L-histidinami rio 

A solution of the product from part (g) 
(175 mg., 0.23 mmole) in methanol (50 ml. ) 
containing palladium hydroxide on carbon catalyse 
(50 mg.) is hydrogenated overnight. The reaction 
mixture, is filtered and the filtrate is 
"eonce^ 

with ether to give 120 mg. of white solid N 2 - [n- 
[ ( 1 , 1-dimethylethoxy )carbonyl] -L-phenylalanyl ] - 
N- f.l- [ l-hydroxy-2- [ ( 1-oxopentyl ) amino ] ethyl ] -3- . 
methylbutyl]-L-histidinamide; m.p. (145°) 
150 - 155° . ...TLC (silica gel-;. :i 5 % methanol/ 
chloroform) R f = 0 .43, with a minor spot at ■ 
R f = 0.78. 

Anal, calc'd. for C 32 H 50 N 5 O 6 - 2.89 H 2 0: 

■ C, 57.64; H, 8.43; N, 12.60 
Found: C, 57.64; H; 8.14; N, 12.22. 

Example 2 - 
2 ™" — ~ — — ' — 

N - fN-T ( 1 . 1 -Dimethyl ethoxv )carbonvl 1 -L-phenvl - 

alanyl 1 -1 ' - r (ohenv lmethoxv Imethvl 1 -N- f ( s ) -1- 
[l-hydroxv-2-f (l-oxo-a -phenvlpropvt ) amino 1 ethvl ] _ 
3-methvlbu tvn-L-histidinamide 

a) N -[ (3S )~3 - r f (1 . l-Dimeth ylethoxv^arbonyll amino ]- 
2-hydroxv-5-methvihe X v l Iphenpropvl ami h» 

To a solution of (s )-[3-methyl-l-(3-amino- 
2-hydroxypropyl)butyl)carbaatic acid, 
1.1-dimethylethyl ester (1.0 g. , 4.5 mmole) "in 
tetrahydrofuran (50 ml.,- distilled) is added 
hydrocinnamic acid (0.67 g., 4 .5 mmole), 1-hydroxy- 
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benzotriazole hydrate (0.69, 4.5 mmole), and', 
dicyclohexylcarbodiimide (0.93 g., 4.5 mmole); 
After stirring overnignt, t the reaction mixture is 
filtered and . the filtrate is concentrated,. The 
5 residue is redi*ssr>! * \ n ethyl acetate (75 ml .) , 
washed with saturated sodium bicarbonate ( twice ) , 
10% potassium bisulfate (twice), and saturated . 
sodium chloride dried over sodium sulfate, and 
concentrated into a semi-solid residue (1.8. g. ). 

10 Purification by flash chromatography (Whatman 
silica gel LPS-1, eluting with ethyl acetate: 
hexane, 3:1) gives 0.88 g. of N-[(.3S)-3-[ [ (1, 1- 
dimethylethoxy)carbonyl] amino] -2-hydroxy-5-methyl- 
hexyl] phenpropylamide as a colorless oil. 

15 b) N- f ( 3S )-3-Amino-2^hvdroxv-5-methvlhexvl 1 - 
phenpropylamide , monohydrochloride 

A solution of N-[(3S)-3-[ [ ( 1 , 1-dimethyl- 
ethoxy )carbonyl ] amino ] -2-hydroxy-5-methylhexyl ] - 
phenpropylamide (0.88 g. , 2.33 mmole) in saturated 

20 hydrochloric acid/ethyl acetate (25 ml.) is 

stirred at 0° for 2 hours. The reaction mixture is 
concentrated to a solid residue. Trituration with 
ether gives 0.73 g. of N- [ ( 3S )-3-amino-2-hydroxy-5- 
methylhexyl] phenpropylamide, monohydrochloride . 

25 c) N 2 - f N- f ( 1 , l-Dimethylethoxv)carbonvl T-L-phenvl- 
alanyll-l '-f (phenvlmethoxv)methyn-N-f (S )-l- f 1* . 
hydroxy-2- f ( l-oxo-3-phenylpropyl ) amino 1 ethyl 1 - 
3 -methylbutyl 1 -L-his tidinamide ■ 

To a cold . (0°) solution of N-[(3S)-3- 

3.0 amino-2 -hydroxy- 5-me thy lhexyl] phenpropylamide, 
monohydrochloride (0.73 g. , 2.33 mmole) in 
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dimethylformamide (25 ml.) is added diisooroovl- 
ethylamine (0.40 ml., 2.33, mmole), n- [n-[ ( l". "l- 
dimethylethoxy ) carbonyl ] -L-phenylalanyl ] - 1 • - ' 
[(phenylmethoxy)methyl]-L-histidine (1.22 g. , 
2.33 mmole) , "l-hydtoxybenzotriazole hydrate 

(0.36 g., 2. 33 m mole),. and dicyclohexyl r* T bo- „. . 

diimide (0.48 g., 2.33 mmole). After stirring 
overnight (0° - room temperature), the reaction 
mixture is diluted with ethyl acetate (150 ml.), 
washed with water (twice) and saturated sodium ' 
bicarbonate (twice), dried over sodium sulfate and 
concentrated. The crude product (1.5 g., white 
solid) is recrystallized from methanol/hexane to 
give 1.07 g. of N 2 -.:N-[(l,i-dimethylethoxy)-. : 
carbonyl ] -L-phenylalanyl ]-!•-[ (phenylmethoxy ) - 
methyl ] -N- [( s ) -l- [ i-hydroxy-2- [( l-oxo-3-phenyl- 
propyl ) ammo ] ethyl ] -3 -methylbutyl ] -L-histidinami ce 
as a white solid; m. p. (105°). 145 - 150°. 
TLC (silica gel; ib% methanol/chloroform ) R = 0.3 9 
Anal, calc'd. for C^H^NgOy • 0 . 6 H 2 . 

C, 66.58; H, 7.52; N, 10.59 
Found: c, 66.56; H, 7.46; N, 10.38. 

Examp le 3 

2 — ! 

N - f N- f ( 1 , 1 -Dime thv l ethoxv ) carbonyl 1 -L-nhonvl - 
alanvl ] -N- f ( s ) -1- f 1-hvdrn w- 2 - f ( i- OXO -?. r h»m,i - 
propyl ) amino 1 ethvl 1 -3-m»r h ylbutvl ) -r.-h is tidinamidg 

A solution of the product of Example 2 
(0.55 g., d.70 mmole) in methanol (10 ml.) 
containing palladium on carbon catalyst (0.10 g. ) ' 
is hydrogenated overnight. The reaction mixture 
is filtered and the filtrate is concentrated. The 
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solid residue is triturated with ether to give 
0.41 g. of N 2 -(N-[(l,l-dimeithylethoxy)carbonyl]- 
L-phenylalanyl ] -N- [ ( S ) -1- { l-hydroxy-2- [ ( i-oxo-3- 
phenylpiropyl) amino ] ethyl ] -3-methylbutyl ]-L-histidin 
amide as a white solid; m.p. (.132°) 155 - 160°. 
TLC (silica gel? 15% methanol/chloroform) 
R f =0.55. 

Anal, calc'd. for c 36 H 5o N 6°6 * °- 2H 2 0: 

C, 64.88; H, 7.62; N, 12.61 
Found: C, 64.88; H, 7.98; N, 12.40. 

Example 4 

2 ' ' 

N - f N- f (1 , 1-Dimethvlethoxy )carbonyl l -L-ohenvl- 

alanvl 1 - 1 1 - f ( phenylmethoxy )methvl 1 -N- f ( s 

f l-hvdroxy-2-f fl-oxo-2-[ f (phenvlmethvl ) amino 1 - 

carbonvl 1 hexvl 1 ammo 1 ethvl ] -3-methvlbutvl 1 -L- 

histidinamide . 

a ) . 2- [ [ ( Phenvlmethvl ) amino 1 carbonvl ]hexanoic 
acid 

N-Hydroxysuccinamide (1. 72 g. , 15 mmole ) 
and dicyclohexylcarbodiimide (3.09 g. , 
15 mmole) are added to a solution of . n-butyl- 
malonic acid (2.4 g. , 15 mmole) in dimethyl- 
formamide (35 ml.). After a few minutes a 
precipitate is observed. After 90 minutes, ^ 
benzylamine (3.23 ml., 30 ml.) is added and the 
reaction mixture is stirred at room temperature 
overnight. The reaction is then diluted with 
saturated sodium bicarbonate (100 ml..), filtered, 
and the filtrate is washed with ethyl acetate 
(twice), and then acidified with 10% potassium / 
bisulfate, saturated with sodium chloride and 



extracted with ethyl acetate (three times). T *e 
combined ethyl acetate extracts are washed with 
water (twice), dried over sodium sulfate/and 
concentrated into an oily residue (3 .6 g. ) . 
■ Purification b r flash chromatography (Whatman LPS 
silica gel, eluting with S% methanol/chloroform) 
and recrystallization from methanol /ether gives 
0.55 g. of 2-[[(phenylmethyl)amino]carbonyl]- 
hexanoic acid as a white solid; m.p. (95°) 
100, - 105°. 

b } N - [ (3S )-3- T r ( 1 , l-Dimeth vlethoxv)carbonv 1 1 - 
amino 1 -2-hvdroxv-5-m ethvlhexvl f-2-f r< phenyl- ■ 
methvl ) amino 1 carbonvl T-oentanami Ha 

To a solution of ( s )-[3-methyl-l- 

( 3-amino-2-hydroxypropyl )butyl Jcarbamic. acid, 
1 , 1-dimethylethyl ester (0.32 g., 1.32 mmole ) 
'in tetrahydrofuran (25 ml ., distilled ) is added 
2-[[(phenylmethyl)amino]carbonyl]hexanoic acid 
(0.33 g., 1.32 mmole), 1-hydroxybenzotriazole 
hydrate (0.20 g., 1.32 mmole) and dlcyclohexyl- 
carbodiimide (0.27 g., 1.32 mmole).' After 
stirring overnight, the reaction mixture is 
filtered, the filtrate is concentrated, and 
the residue is redissolved in ethyl acetate 
(75. ml. ). The ethyl acetate solution is washed, 
with saturated sodium bicarbonate (three times), 
10% potassium bisulfate (twice), and saturated 
sodium chloride, dried over sodium sulfate, 
and concentrated into a pale yellow foam (0.66 g. ) 
Purification by flash chromatography (Whatman 
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LPS-1 silica gel, eluting with ethyl acetate : hexane, 
1:1) gives 0.29 g. of N-[ (3S)-3-[ [ (1, 1-dimethylethoxy)- 
carbonyl]amino]-2-hydroxy-5-methylhexyl]-2-[ [ (phenyl- 
methyl) amino] carbonyl] -pentanamide as a white solid; 
5 m.p. (91°) 107 - .i rc0 . 

c) N- [ ( 3 S ) - 3 - Amino-2-hydr oxy- 5 -me thy Ihexyl 1 - 2 - , 
[ f ( pheny lmethvl ) amino 1 carbonyl 1 -pentanamide , - 
monohydrochloride , " 

A solution of N-[(3S)-3-[[(l,l-dimethyl- 
10 ethoxy ) carbonyl] amino ]-2-hydroxy-5-methylhexyl] - 
2 - [ [ ( pheny line thy 1 ) amino ] carbonyl ] -pentanamide 
(0 .7 g. , 1.46 mmole) in saturated hydrochloric 
acid/ethyl acetate (25 ml.) is stirred at 0° for 
2 hours. The reaction mixture is concentrated to 
15 a solid residue. Trituration with ether gives 

0.60 g. of N-[ (3S)-3-amino-2-hydroxy-5-methylhexyl]- 
2- [[ (phenylmethyl )amino] carbonyl] -pentanamide, . 
monohydrochloride as, an oily white solid. 

d) N 2 - IN- f (1 , 1-Dimethylethoxy )carbonvl1 -L- 
20 phe nyl a 1 any 1 1 -1 f - [ ( phenvlmethoxv )methvl 1 -N- . 

C ( 5 j-l- f l-hydroxy-2- f f l-oxo-2- f [ (phenvlmethvl )- , 
amino 1 carbonvl ] hexyl 1 amino ] ethyl ] -3 -methvlbutvl 1 - 
L-histidinamide 

To a cold (0°) solution of N- { ( 3S ) -3 -amino - 

25 . 2 T hydroxy-5-methylhexyl ] -2- [ [(phenvlmethvl) ammo]- 
carbonyl] -pentanamide i monohydrochloride ( 0 :.6Q g. , 
1.45 mmole) in dimethyl formamide (25 ml.) is added 
diisopropylethylamine (0.25 ml., 1.45 mmole), N- 
[N- (■( 1 , 1-dimethylethoxy )carbonyl ] -L-phenylalanyl ] - 

30 l ! -[(phenylmethoxy)methyl]-L-histidine. (0.75 g. , 
1.45 mmole), 1-hydroxybenzotriazole hydrate 



HA359 

" 35 V 0223437 

(0-22 g., 1.45 nunole ) and dicyciohexylcarbodiimide 
<0..30 g., 1.45 mmole). ■ After stirring overnight 
(0° room temperature), the reaction is diluted 
with ethyl acetate (150 mi.) and washed with water 
( twice ) , and saturated sodium bicarbonate ( twice ) , 
dried over -sodium sulfate/ and concentrated. The' 
residue (1.1 g. , yello w f oa a) is purified by flash 
chromatography -(Whatman LPS-1 silica'geT, eluting " 
with 5% methanol/chloroform) to give 0 ? ai g. of 

N -[N-[(l > l-dimethylethoxy)carbonyl]-L-phenylalanyl]- ': 
. 1 ' - [ ( phenylmethoxy) methyl ] -N- [ (s )-l-hydroxy-2- 

[{ l-oxo-2 -[[( phenylmethyl ) amino ] carbonyl jhexyl ] ammo ] - 

ethyl ] -3-methylbutyl ] -L-histidinamide: as an off- • 

white foam; m.p.. .u 2 - u 5 «. TLC (silica gel; "•■ 

10% methanol/chloroform) R f = 0.57. ' '■" ' 

Anal, calc'd. for C^H^Qg • 0.5 K.,0: " 

C, 66.04; H, 7.69; N, 11.00 
Found: C, 66.10; H, 7.68; N, 10.58. 

Example 5 

■ N - FN- f ( l , 1 -Dimethyl &tho xv Vcarbo n vl 1-L-phenvlalanvl 1 - 
w -f( s )-^fl-hvdroxv-2-ffT-oxo-2-fr> P h^ n vlmethvn a mv^T- 
carbonvl Ihexvl 1 amino l ethvl 1 -3-methvlbutvl l-L-histidir.- 
amide, h ydrochloride (1:1.25) 

A solution of the product of Example 4 (0.1-76 g,, 
0.2 mmole) in methanol (50 ml.) containing IN hydro-' ' 
chloric acid (0.2 ml., 0.2 mmole) and palladium 
hydroxide on carbon catalyst (0.05 g.) is hydro- 

gena ted overnight. The reaction mixture is 
filtered and the filtrate is concentrated.. The. 
solid residue is triturated with ether .to give ' 
N -t N -((l/l-dimethylethoxy)carbonyl]-L-phenyl- 
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alaixyl ] -N- [ ( S ) -1- [ l-hydroxy-2- [ [ l-oxo-2- [ [ (phenyl- 
methyl ) amino ] carbonyi ] hexyl ] ammo ] ethyl ] -3 -me thyl- 

white solid; ' nup . (135°) 150 - 155?. TLC /(silica 

5 gel; 10% methanol/chloroform) R f = 0.39. 

Anal, calc'd. for C 41 H 5g N 7 0 7 • 1.25 HCl • 1.0 H 2 0: 

C, 59.65; H, 7.60; N, 11.87; CI, 5.36 

Found: C, 59.60; H, 7.67; N, 11. 61; Cl, 5.39. 

Example 6 
2 ■ . 

10 N - r N-f (l , 1 -Dimethyl ethoxy)carbonvl 1 -L-phenvl- 

alanvl 1 -N- f ( S ) -1- f 1 -hydroxv-2- f ( 1-oxopentvl ) - 

pentvl ammo ] e thvl 1 -3 -methylbutvl 1 -L-his tidinamide 

a ) N- f ( 3S )-3- f f ( 1 , 1 -Dimethyl ethoxv )carbonvl 1 - 

ammo 1 -2-hvdroxv-5-methvlhexvl 1 -N-pentvlpentanamide 

15 N- Amy 1 amine (0.95 ml., 7.5 mmole) is added 

tc a solution of ( S )- (3-methyl-l-( 2 ,3-epoxyprcpyl )- 
butyl ]carbamic acid, 1 , 1-dimethylethyl ester * 
(1.75 g., 7.5 mmole) in methanol (100 ml.) and 'the 
reaction mixture is refluxed overnight. The 

20 reaction mixture is concentrated and the oil 

residue is dried in high vacuum for 2 hours. The 
residue is redissolved in tetrahydrof uran (50' ml., 
distilled) and valeryl chloride (0.97 ml., 
8.25 mmole) and diisopropylethyl amine (1.44, ml., 

25 8.25; mmole) are added. The reaction mixture is 
stirred at room temperature overnight, 
concentrated to 1/3 volume, diluted with ethyl 
acetate (100 ml.), washed with water (twice),, 
saturated sodium bicarbonate (twice), and brine, 

30 dried over sodium sulfate, and concentrated into a 
pale yellow residue. Purification by flash 



! 



-37- . ■ M " JM - 



chromatography (Whatman LPS-L silica gel. eluti-g 
with 15% ethyl acetate/hexane ) gives 1.4 g. 0 f~"** 
K- { (33 ) -3- [ [ ( 1 , i-diinethyiechoxy)carijenji ] amino - 

2-hydroxy-5- me thylhexyl]-N-pentylpentanamide as a 
. colorless oil. , .. ..„_ . . . 

h > < 3s ^-3-Amino-2 -hydroxv-5-methvlhexvll-N- 
penrylpentan amide ~ — ' • — — — 

A solution of N-[(3S)-3-f [ (1, i -dime thy 1- 
ethoxy )carbonyl ] amino ] -2-hydroxy-5-methylhexyl ] -n 
pentylpentahamide (1.4 g., 3 ,5 mmole) in saturate< 
hydrochloric acid/ethyl acetate (100 ml.) is 
srirred at room temperature for 2.5 hours. The 
reaction mixture is concentrated to an oily 
residue. Trituration with hexane gives l. 16 g. o 
N-[ (3S )-3-amino-2-hydroxy-5-methylhexyl] -N- . 
pentylpentanamide as a yellow oily solid residue, 
c) N -TN-f (l.l-Di methvlethoxv)carbonvll-L- 
Phenvlalanvl 1 -1 ' - f (p henvlmethoxv )methvl 1 -N- 
I ( S ) -li. f l-hvdroxv-2 - f ( 1-oxopentvl ) pen tvl amino 1 - 
ethvl 1 -3- methvlbutyl 1 -L-histidinamirio 

To a cold. (0°). solution of N-[(3S)-3- 
amino-2-hydroxy-5-methylhexyl ] -N-pentylpentan- 
amide (0.58 g. , 1.72 mmole) in dimethyl formamide 
(25 ml. ) is added diisopropylethylamine (0.30 mi., 
1.72 mmole), N- [N- [ ( 1 , 1-dimethylethoxy )carbonyi ] - 
L-phenylalanyl ] -1 • - [ (phenylmethoxy )methyl ] -L- 
histidine (0.89 g., .1.72 mmole), 1-hydroxy- 
benzotriazcle hydrate (0.26 g., 1.72 mmole), and 
dicyclohexylcarbodiimide (0.35 g., 1.72 mmole). 
After stirring overnight (0° - room temperature), 
the reaction mixture. is diluted with ethyl acetate 
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(100 ml.), washed with water (twice) and saturated 
sodium bicarbonate (twice),, dried over sodium, 
sulfate, and concentrated to give 1.2 g. of white 
solid product.. Purification by flash 
5 chromatography (Whatman LPS-1 silica gel, elutihg 
with 5% methanol/chloroform) and recrystallization 
from warm ether gives 0.53 g. of ^-[N-Kl.l- 
dimethylethoxy )carbonyl ] -L-phenylalanyl ] -1 ' r 
[ ( phenylme thoxy )methy 1 ] -N- ( ( S ) -1- ( l-hydroxy-2 - 
10 [(l-oxopentyl)pentyiamin6]ethyl]-3-methylbutyl]- 
L-histidinamide as a white solid; ra.p. (130") 

155 - 160°. 
2 

d) N - f K- r ( 1 , 1 -Dime thvle thoxv.) carbonvl T -L-oher.vi - 
, alanvll -N-f(S)-l- f l-hvdroxv-2 - f ( 1-oxopentvl ) - 

15 Pentvlam inorethvn-3^methvlbutvn-L-histidinamide 
A solution of the product from part (c) 
(0.95 g., l.is mmole) in methanol (60. ml.) 
containing palladium hydroxide on carbon catalyst 
(200 mg. ) is hydrogenated overnight. The reaction 
mixture is filtered and the filtrate is concentrated. 
The solid residue is , triturated with .ether to , give 
0.62 g- of N 2 -rN-{(l,l-dimethylethoxy)carbonyl.]-L- ' 
phenylalanyl ] -N- ( ( S ) -1- [ i-hydroxy-2- [ ( 1-oxopentyl ) - 
pentylamino ] ethyl ] -3-methylbutyl ] -L-histidinamide 
25 as a white solid; m.p. (96°) 105 - 110°. TLC 

(silica gel; 10% methanol/chloroform). R f = 0.57. 
Anal, calc'd., for C 37 H 6() N 6 0 6 : 1.9 HjO: . . . 

C, 61.79; H, 8.94; N, 11.68 
Found: C, 61.79; H, 8.73; N, 11.53. 
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• , Example 7 

N- (N- f ( 1 , l-Dimethvlethoxv )carb Q nv1 1 -r.nK^ 

propyl ■ cantvlamino 1 eth y1 1 -3-nethy i t , L _ M _ 

dinamide ~ • ^ . — ~- 

a) N " [ (3S )-3- f f (1 , l-Dim e thv lethoxv) r a rhn wy i 1 _ • 
amino+-2-hvdroxv-5^mei^vTh W ^ 

propyl amide - ' ■ "• ~ — 

N-Amylamine (0.95 ml., 7.5 mmole) is added " 
to a solution of (S )-[3-methyl-l.( 2r3 - e poxypropyl ) " 
butyl jcarbaraic acid, 1, 1-dimethylethyl ester 
(1.75 g.,' 7.5 nunole) in. methanol (100 ml.). The 
•reaction mixture is concentrated and the oily 
residue obtained is dried in high vacuum for one hour 

Kydrocinnamic acid (1.24 g., .8.25 mmole) is 
dissolved in ether (25 ml . ) and oxalyl chloride ' 
(0.72 ml. , 8.25 mmole) and a few drops of 
dimethylformamide are added. After 45 minutes the 
reaction mixture is concentrated and' dried in high- ' 
vacuum for one hour to give the acid chloride of : 
hydrocinnamic acid. 

The obtained' acid chloride is dissolved <n 
tetrahydrofuran (25 ml. ) and added to the above 
obtained oily residue of amine along with ' 
diisopropylethylamine. cr.44 ml., 8.25 mmole).. The 
reaction mixture is stirred at room temperature ■ 
under nitrogen overnight. The reaction mixture is 
diluted with ethyl acetate (150 ml. ), washed with 
saturated sodium bicarbonate (twice),. lo% 
potassium bisulfate (twice), and water, (twice), 
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dried over sodium sulfate, and concentrated to 
give 2.8 g. of pale yellow oily residue. 
Purification by flash chromatography (Whatman 
LPS-1 silica gel; eluting with ethyl acetate/hexane,, 
5 1:1) gives 1.9 g. of N- [ (3S )-3- [ [ ( 1 , I-dimethyl- 
ethoxy )carbonyl ] amino ] - 2-:*j-dxwAy-5-mettiylhexyl ] - 
N- ( pentyl )phenylpropyl amide as a colorless oil. 
b ) ' N- [ ( 3 S ) - 3 -Amino - 2 -hydroxy- 5 -me thy Ihexvl 1 -N- 
(pentyl )phenvlprouyl amide 

10 , A solution of N-{ (3S)-3-[ [ (1, 1-dimethyl- 

ethoxy jcarbonyl ] amino] -2 -hydroxy- 5 -methylhexyl ] -N- 
( pentyl )phenylpropylamide (1.90 g. , 4.23 mmole) in 
saturated hydrochloric acid/ethyl acetate (25 ml. ) 
is stirred at 0° for 2 hours. The reaction 

15 mixture is concentrated to a solid residue. 

Trituration with ether gives 1.58 g. of N-[(3S)-3- 

aiaino-2-hydroxy-5-methylhexyl]-N-( pentyl )phenyl- 

propylamide as a hygroscopic white solid. 
2 

c) N - - f N- f (1 , l-Dimethylethoxy )carbonvl 1 - 
20 L-phenvlalanvl 1 -1 V- f ( phenylmethoxy ) me thvl 1 -N- 
[ ( S f l-hvdrcxy-2- f ( l-oxo-3-phenylpropvl ) - 
pentvlaminolethvn-3-methvlbutyl T-L-histidinarnide 
To a cold (0°) solution of N- [ ( 3S )-3-amino- 
2 -hydroxy- 5 -me thylhexyl ] -N- ( pentyl ) phenylpropyl- 
25 amide (1.58 g., 4.25 mmole) in dimethyl formamide 
(25 ml.)*" is added diisopropylethylamine (0.73 ml., 
4.23 mmole), N- [N- [ ( 1 , 1-dimethylethoxy )carbonyl ] - 
L-phenylalanyl ] -1 1 -[( phenylmethoxy )methyl ] -L- 
histidine (2.21 g; , 4.23 mmole), 1-hydroxybenzo- 
30 triazole hydrate (0.64 g., 4.23 mmole) and 

dicyclohexylcarbodiimide (0.87 g. , 4.23 mmole). 
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After stirring overnight (0° ~ room, temperature ) , 
the reaction mixture is diluted with- ethyl acetate 
(200 -l,), -w^d with w,ter 'twice) and saturated 
3odiuai..bicarfconate (twice), dried over sodium 
sulfate .' . and -.=oncentr.ated. .into: an oily, solid. 
Purification by flash chromatography (Whatman. 
.. LP.S-l_s ilica -gel-^-e-l-u-t-ing-wi-th-10%- methanol/- • — ~- 
chloroform) gives 1.52 g. of N 2 -[N-[(l,i-dimethyl- 
ethoxy )carbonyl ] -L-phenylalanyl ]-!•-[ (phenylmethoxy ) - 
methyl ] -N- [ ( s ) -1- { l-hydroxy-2- [ ( 1 -oxo- 3 -phenyl - 

propyl )pentylamino ] ethyl ] -3 -methylbutyl ] -L- 
histidinamide as an" off-white foam. 

d) N -fN-f (1, l-Dimethvlet hoxv)c a rb Q nvi'i- L - Dhenv1 . 
alanvl 1 -N- f ( S ) -1- f l-hvdroxv- 2- f ( l-oxo^-nh^vlDropvi . - 
?entvl a mino)ethvn-3-methvlbutvn-r-hS g ^^^„,^ 

A solution of the product from part (c) 
(0.80 g., 0.95 mmole) in methanol ( 50 ml . ) 
containing palladium on . carbon catalyst (200 mg. ) 
is hydrogenated overnight. The reaction mixture 
is filtered and the filtrate is concentrated. The 
solid residue is triturated with ether to give 
0.61 g. of product. Purification by flash 
chromatography (Whatman LPS -1 silica gel, elutmg 
with 2% methanol/chloroform, 4% methanol/ 
chloroform) gives 0.30 g. of N 2 - [N- [ ( l, i- 
dimethylethoxy )carbonyl ] -L-phenylalanyl ] -N- [ ( S ) -1- 

[l-hydroxy-2-{(i-oxo-3-phenylpropyl)pentylamino] 
ethyl ]-3-methylbutyl]-L-histidinamide; m.p.' (175°) 
196 - 199". TLC (silica gel;, 10% methanol/ . 
chloroform) R e = 0.55. 
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Anal.calc'd.. for C^H^m^ ..0.5 H 2 0: 

. C,66.45; H, 8.16; N, 11.34 
^ ound: C66.59; H, 8.24; N, 11.59. 



•" Example 8 

K -rN- ra , l-Dimet hvlethoxv)carbonvl1-L-phenvl- 
alanvl 1 -N- f (s f l- hvdroxv-2- f q-oxopentvl )- 
( phenvlmethvl ) ami no 1 ethvl 1 -3-methv.lbutvl 1 -L- 
histidinamide 

a ) N-f (3S )-3-r f ( 1.1 - Dime thvlethoxv) carbonvll- 
amino 1 - 2 -hvdroxv- 5-methvlhexvl 1 -N- ( phenyl - 
methvl )pentanamide . 

Benzylaraine (1.02 ml., 9^4 nunol'e) is added 
to a solution of (S)-[3-methyl-l-(2,3-epoxy- 
propyl ) butyl ]carbamic acid* 1, 1-dimethylethyl ; 
ester (2.2 g. , 9.4 mmole) in methanol (60 ml. ) . 
The mixture is refluxed overnight;, concentrated on 
a rotary evaporator, and the residue is dried for 
2 hours in high vacuum. The oily residue is 
redissolved in tetradydrofuran (50 ml., distilled) 
and valeryl chloride (1.23 ml., 10.34 mmole). and 
diisopropylethylamine (1.80 mi., 10^34 mmole) are 
added. After stirring overnight at room 
temperature, the reaction mixture is concentrated 
to 1/3 volume, diluted with ethyl acetate 
(100 ml.)., washed with saturated sodium 
bicarbonate (twice) and water (twice), dried over 
sodium sulfate, and concentrated to a yellow oil 
(4.0 g.). Purification by flash chromatography 
(Whatman LPS-1 silica gel; eluting with 10% ethyl 



C- 



-43- 



HA359 
022 



. 5. 



10 



15 



20 



25 



30 



acetate/hexaae a„d MX ethyl ac.tate/hexane ) ga v« 
3.2 9 . of H.[(3S)-3-t t ( 1 . 1 . diB . thl 

(phenylmethyljpentana^ide as a palTy'eUow. oil. 
1 '. N -f(3S )-3-Amino-2-hvrir 0 xv-5-m>.rh r i t,^,' " 
.N? ( Phenvlmethvl Iser.r^ami *~ 

ethox y )carbonyl]aminoJ-2-h y droxy-5-methyl- 
hexyl]-N-(phenylineri l yl)pentanamide (3.2 g 7 6 
nunole) in saturated hydrochloric acid/ethyi ' • 
acetate (50 ml.) IS stirred at Q0 for ^ 

: The reaction mixture. is concentrated to an oily 
rescue Trituration wxth ether gives 2.71 -g. of 

^^^^^^--^roxy-S-methylhexylJ-N- 
(Phenylmethyl,pentanamide as awhite foam. 
C) ^- - f N -f ( 1 ■ 1 -Diaethvl ^rh oxy )carhnnv , , _ 
L-Phenvlalanvl Muf tBh ^ lMthoxyWrtv1 , • 
N- f ( S )-l- f 1 -hydroxy,?-! / i - OXODen1 . v 1 } , r ^. m .. } 
jn ethyl ) a m i n o,. rhvll .3. mgfhv1 w^ ] , hl - UJI ^^ 
To a cold (0°) solution of N-[(3 S )-3- " 

ainino-2-hydroxy-5-methylhexyl]-N-( P heny^ - 
methyl jpentanamide (2.71 g. , 7 . 6 ln 

dimethylfonnamide (1.31 ml., 7 . 6 is added 

^sopropyiethyla.ine (1 .31 n,!., 7.6mmole>, N - [N . 

1 . 1-dimethylethoxy )carbonyl ] -L-phenvlalanyl ] -1 • - 
[(phenyl m ethoxy)methyl]-L-histidine (i.98 g 7 6 
mmole,, 1-hydroxybenzotriazole hydrate (l.le'g ' 
7.6 mmole) and dicyclohexylcarbodiimide (4 56' g' 
7.6 mmole). After stirring overnight (0« * room' 
temperature), the reaction mixture is diluted with 
ethyl acetate (500 ml.,, washed with water (twice, 
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and saturated sodium bicarbonate (twice), dried 
over sodium sulfate, and concentrated to give 
5.1 g. of product as a yellow foam. Purification 
by flash chromatography (Whatman LPS-1 silica gel, 
5 eluting.with 3% methanol/chloroform) gives 3.36 g. 
of ^-[N-fd^l-dimethylethoxy^carbonylJ-L-phenyl- 
alanyl] -!'--[ (phenylmethoxy) methyl ]-NUS)-l-[l- / 
hydroxy-2- [( 1-oxopentyl ) (phenylmethyl) amino] ethyl ] - 
3-methylburyl ] -L-histidinamide as a* white" foam. 

10 d ) N^rN-fd , l-Bimethylethoxy)carbonyn-L-phenvl- : 
alanvl 1 -N- f ( s ) -1- n-hydroxv-2- f ( 1-oxopentvl ) - 
( phenvlmethvl ) amino 1 ethyl 1 -3-methvlbutvl 1 -L- 
hisridinamide 

A solution of the product from part (c) 

15 (1.0 g, 1.21 mmble) in methanol (100 ml.) 

containing palladium hydroxide on carbon catalyst 
(200 mg. ) is hydrogenated overnight. The reaction ' 
mixture is filtered and the filtrate is 
concentrated. The solid residue is triturated 

20 with ether to give 1.0 g. of product as a white 
solid. Purification by flash chromatography 
(Whatman LPS-1 silica gel, eluting with 2.5% 
methanol/chloroform, 5,0% methanol/chloroform) 
gives 0 . 29 g. of N 2 - [N- [ (1, 1-dimethylethoxy )- 

25 carbonyl ] -L-phenyl alanyl ] -N- [ ( S ) -1- [ 1-hydroxy- 

2- [ (1-oxopentyl ) ( phenylmethyl ) amino] ethyl]- * 

3- methylbutyl]-L-histidinamide; m.p. (93°)' 
106°-108°. TLC (silica- gel; 10% methanol/ , 
chloroform) R : f = 0.37. 
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Anal, calc'd for 



Fcur.d: 



: 39 2 56 N 6°6 



0.5 K 2 0: 



65.70; H, 7.98; N, 11.79 
CS.73; 3, 7. .35; 11.72. 



•- ■ '■ ; • Example 9 " • ' 

^ :-:iS)-l-<cvelohex y i m ethvlU?-h vdro - xv .3.. f p. 
oxo-2-r f fphenvlmethvl ^inolcarbsnv! , „ in _ } 

propyl 1 -N - fN- f ( 1 . l-di^i ethoxv i rh^ y 77 T" 

Phenvl alanyl 1 -L-hisri dinamide \ 

^ ( 1S ■ * f 3 - Ch l°ro-l- (phenyl m e thvl )-2 -hy H™ w . 
propyl Icarbamic acid- i . i -H^ ethvl ^ hv1 ae ,_ 

.... .. . Sodiua, borohydride. (10.4 g,, 275 mmole) 

is added with stirring to a solution of ( S) - (3- 

«Woro-l.(ph.nyl».thyl)-2-oxopropyl3carb«uc acid 
1.1-dimethylethyl ester (29.2 g. , U0 m^ole) in 
tetrahydro fur an/water (100 ml./20 ml. ) at 0° 
After two hours, the reaction mixture is quenche- 
with. 10% potassium bisulfate, diluted with ethyl 
acetate (300 ml.), washed with water (twice) * 
saturated sodium bicarbonate (twice), and 10% 
potassium bisulfate (twice), dried over sodium 
sulfate, and concentrated to. give 21.1 g. of 

[3-chloro-l-( P henylmethyl ,-2-hydroxypropyDcarbamic 
acid. l,i-dimethylethyi ester as a white solid. 

b) . i S . , -f 1 -^-3-EDoxv P r 0 DvV^h enyl m e t hy 11 r a rK^^ 
acid, l.i dimethvlP thvl est^r . 

Sodium. hydride (5.63 g. , 1 40 .75 mmole) is 
added to a solution of ( IS )- [3-chloro-l-(phenyl- 
methyl)-2-hydroxypro P yl]carbamic acid, 1 1- 
dimethylethyl ester (21.1 g., 70 . 3 8 mmole) in 
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tetrahydrofuran (150 ml. ,' distilled) and the 
reaction mixture is stirred overnight. It is then 
filtered and the filtrate is concentrated. The 
oily residue .is redissolved in ethyl acetate 
(500 ml;), washed with water (twice), saturated 
sodium bicarbonate (twice), aixd 10% potassium 
bisulfate (twice), dried over sodium sulfate, and 
concentrated into a white solid residue 
(16.0 g.)Y Purification by flash chromatography 
(Whatman LPS-1 silica gel, eluting with 25% ethyl 
acetate/hexane) gives 12.6 g. of (S)-[l-(2,3- 
epoxypropyl)phenylmethyl]carbamic acid, 1,1- 
dimethylethyl ester as a white solid. 
c ) ( IS ) - f 1- ( 3-Amino-2-hydroxypropvl ) phenyl - 
methvll carbamic acid^ 1 1 ,1-dimethvlethvl ester 

( S ) - [ l- ( 2 , 3-Epoxypropyl )phenylmethyl ]- 
carbamic acid, 1, 1 -dime thy le thy 1 ester (6.5 g. , 
24.68 mmole) is added to a solution of saturated 
ammonia/methanol (250 ml. ) and stirred for 36 
hours at room temperature. The reaction mixture 
is concentrated to give 6.8 g. of ( IS )- [ l-(3-amino- 
2 -hydroxypropyl)phenylmethyl] carbamic acid, 1,1- 
dimethylethyl ester as a solid residue. 
d ) ( 15 ) f l-( 3-Amino-2-hydroxypropvl ) (cyclohexvl- 
methypl carbamic acid, 1 , 1-dimethylethvl ester, 
mo no hydrochl o r i de 

Platinum (IV) oxide (200 mg. ) is added to V 
solution of (lS)-[l-(3-amino-2-hydroxypropyl)- 
phenylmethyl] carbamic acid, 1, 1-dimethylethyl 
ester (0.98 g., 3.5 mmole) in absolute ethanol 
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(50 ml.) containing IN hydrochloric acid (3.5 ' ni 
3.5 nunole) and hydrogenated at 55 psi overnight. " 
The reaction mixture is filtered and the oily 
residue is triturated with hexane to give 1.07 g. 
° f (1S .HM3-aniino-2-^^^ • 
^methyl )^ carb j^i<=_acid,_ 1 , 1-dimet hylet hyl ^ester _ 
monohydrochTofide as a white solid ; .ra.p 758- 60° 
6) , N ~ f (3S)-3-f f (i.l-Dimeth ylethoxy^ arhnnyV-j- 

amino1-2-hvdroxv-4-(cvcl ohexvl)but: r i ] .2.rrf D h e nvV- . . 
aethvl ) am mo 1 carbonvl 1 -oentanam-i ri» 

N-Hydroxysuccininude ( 17.2 g. ,150 mmole ) is 
added to a solution.of n-butylmalonic acid (24.0 g., 
150 mmole) in dimethyl formamide (100 ml.). After 
stirring at room temperature for one hour, 
benzylamine (32.8. ml. , 300 mmole) is added to the 
suspension and the mixture is stirred overnight'.* 
The reaction mixture is, poured into 2N sodium 
hydroxide (500 ml.) and filtered. The filtrate -< s 
washed with ethyl acetate (2 x 500 ml.), and the" 
aqueous portion is acidified with- 2N hydrochloric 
acid. The precipitated solids are filtered to give 

12.3 g. .of2-[[(phenylmethyl)arainojcarbonyl]hexanoi c 
acid; m.p. (95°). 

To a solution of (ls)-[l-(3-amino-2-hydroxy- ■ 
propyl )(cyclohexylmethyl ) ]carbamic acid, 1,1- 
dimethyiethyl ester, monohydrochloride (1.0 g. , • 
3.10 mmole) in tetrahydrofuran (50 ml., distilled) 
is added diisopropylethylamine (0.54 ml., 3.10 mmole), 
2- 1 [ (phenylmethyl ) amino ] carbonyl ] hexanoic 



acid (0.77 g. , 3 . 10 mmole ) , 1-hydroxybenzotriazole 
hydrate (0.47 g., 3.10 mmole) and dicyclohexyl- 
carbodiimide ( 0 . 64 g. , 3 ,10 mmole ) . After 
stirring overnight, the reaction mixture is 
filtered and the filtrate is concentrated. The 
residue is redissolved in ethyl acetate (200 ml.), . 
washed with saturated sodium bicarbonate (twice), 
10% potassium bisulfate (twice)/ and saturated 
sodium chloride, dried over sodium sulfate, and 
concentrated into a white solid (1.6 g^ ). 
Purification by flash chromatography (Whatman 
LFS-1 .silica gel, eluting with 2% methanol/ 
chloroform) gives 1.1 g. of N- [ ( 3S )-3- [ [ (1 , 1- ' 
dimethyl ethoxy ) carbonyl ] amino ] -2-hydroxy-4- 
( cyclohexyl ) butyl ] -2- [ [( phenylmethyl ) amino ]-: ' 
carbonyl ] -pentanamide as a white solid; m. p. < 75° ) 
87-118°. 

f) N-f (3S )-3-Amino-2-hvdroxy-4-(cvclohexvl )- 
butyl 1 -2 -T [ ( phenvlmethvl ) amino 1 carbonvl 1 - ' - ; 
pentanamide , monohvdrochloride 

A solution of the product from part (e) (1.1 g., 
2.1 mmole ) ' in saturated hydrochloric acid/ethyl * 
acetate (50 ml. ) is stirred at 0° for 2 hours. 
The reaction mixture is concentrated to a solid 
residue. Trituration with ether gives 0.97 g. of 
N- [ (3S ) -3- amino-2^hydroxy^4- ( cyclohexyl )butyl ] - 
2- [ [ (phenymethyl) ammo] carbonyl] -pentanamide, / 
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monohydrochlonde as a white solid. 

9) N ~ f < IS CvclohexVlm^fhv! ) .2.hVrtrnw- 

3-rfl-QXQ.2.ffinh m vi Mrhv l ; lM , inrtlri , rhwmt1 , Vt-i r 

amino! prop yl r/i i .Hi^.w.., T "* : 

t«-M l, i-dnnethYletBQxy\ carbonvn. 



L^Dhenvlalanvl 1 - j ■ - f (ph»n ^ methoxv } m „ h „, . _ r _ 
hi'stidinamide . ', 

. To a cold «>•) solution. .of N-[(3S)-3-amino- 
2-hydroxy-4- ( cyclohexyl )butyl ] -2- [ [ (phenylmethyl ) - 
amino]carbonyl]-pentanamide, monohydrochloride 
(0.97 g., 2.1 mmole) in dimethyl formamide (25 ml ) 
is added diisopropylethylamine (0.36 ml.. 2 .1 smole) 
N-[N- [,( 1, 1 -dimethyl e thoxy ) carbohy I ] - l - 
phenyl al any 1 ]-!'-[ (phenylmethoxy) methyl ] -L- 
hxstidine (1.09 g., 2.1 mmole), 1 -hydroxy- 
benzotriazole, hydrate. (0.32 g. , j.l mmole), and 
dicyclohexylcarbodiimide (0.43 g. ; 2 .1 mmole) . 
After stirring overnight «>• -room temcerature > 
the reaction mixutre is diluted with ethyl acetate 
(200 ml.), washed with water (twice) and saturated 
sodium bicarbonate (twice), dried over sodium 
sulfate, and concentrated to an oily solid (2 = g > 
Purification by flash chromatography 
(Whatman lps-1 silica gel; elutmg with 10% 
methanol/chloroform) gives 1 . 61 g. of N- [ ( Is )- 
1- ( cyclohexylmethyl ) -2-hydroxy-3 - [ [ l-oxo-2 - 
[ [ ( Pheny Ime thy 1 ) ammo ] carbony 1 ] hexyl ] ammo ] pro C vi ] - 
N -f N -f(.ia-dimethylethoxy)carbonyl]-L-phenyl- 
alanyl ]-!•-[( phenylmethoxy ) methyl ] -L-his tidinamide 
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as a white solid, m.p. (65°) 110°-117°. 
h) N- f ( IS )■!■ ( Cyclohexylmethyl )-2-hydroxv- 
3-1 f (l-oxo-2-r f (phenylmethyl) amino Icarbonyllhexyl }- 
amino 1 propyl 1 -N 2 - f N- f ( 1 , 1 -dime thy lethoxy ) carbonvl } - 
5 L-ohenylalanyl 1-L-histidinamide 

A solution of the product from part (g) 
(1.60 g., 1.74 mmole) in methanol (50 ml.) 
containing palladium hydroxide, on carbon catalyst 
(250 mg.) is hydrogenated overnight. The reaction 

10 mixture is filtered and the filtrate is 

concentrated. The solid residue is triturated 
with ether to give 1.55 g. of crude product. 
Purification by flash chromatography (Whatman 
LPS-1 silica gel, eluting with 2% methanol/ 

15 chloroform - 5% methanol/chloroform) gives 0.22 g. 
of N- [(IS) -l-( cyclohexylmethyl) ^-hydroxy- 
s' [[( 1 -oxo-2 - [ [ ( phenylmethyl ) amino ] carbony 1 ] hexy 1 ] - 
amino Ipropyl ] -N 2 - [N- [ ( 1 , 1 -dime thy iethoxy ) carbony 1 ] - 
■ L-phenylalanyl]-L-histidinamide; m.p. (105°) 

20 110-115°. TLC (silica gel; 10% 
methanol/chloroform) R f =0.34. 
Anal." calc'd. for : C^H^N^- 1 . 5 H 2 0 : 

C, 63.74; H,8.02; N, 11.82 
Found: C, 63.73; H,7.85; N, 11.57. 
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Examples 10 - 3fi 



Following the procedure of Examples 1 t 
■* —titnil.ccspour.ds within the 5CO pe of this 
invention . can be prepared having the formula 



. X-NH-CH - C-NH-CH -CH-CH 2 ~N - C -C« - 



OH 
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Example 37 

1000 tablets each containing the following 
ingredients: ... 

N- [ ( is )-l - ( Cyclohexylmethyl ) -2- 

hydroxy-3- [ [i-oxo-2- [ [ (phenyl- 

me thy 1 ) amino ] carbonyl ] hexy 1 ] - ' ' ' ' 

amino ] propyl ] -n 2 - [N- [ (1 , l- 
dimethylethoxy) carbonyl . .. ~ 
phenyl alanyl]-L- 
histidinamide 

Cornstarch 250 mg. 

Gelatin • lQ ° mg ' 

- • _ 20 mg. 

Avicel (macrocrystalline cellulose) 50 
Magnesium stearate 



5 ma. 



425 mg. 

are prepared from sufficient bulk entities by 
■nixing the N - [ ( ls )-!-( cyclohexylmethyl )-2-hydroxy- 
- 1 I 1 -oxo-2 - { [ ( pheny Ime thyl ) ammo ] carbonyl ] hex vl 1 . 
amino ] propyl ] -N - [n- { ( i , 1-dimethyiethoxy > carbonyl ] - 
L-phenylalanylJ.L-histxdmamide and cornstarch " 
with an aqueous solution of the gel = t-. The 
mature is dried, and ground to a f iae powder ~he' 
Avxcel and then the magnesium stearate are admixed 
with granulation. This nature is then compressed 

in. a tablet press to form 1000 tablets each 
containing 250 mg. 0 f actlve lngred - ent> 

In a similar manner, tablets containing -250 
mg. of the product of any of Examples 1 to 8 and 
10 to 36 can be prepared. 

A similar procedure can be emoioved to form 
tablets containing 500 mg. of active ingredient. 
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Example 38 
An injectable solution is prepared as 
follows: 

N 2 - [N- [ ( 1 , 1-Dimethy le thoxy ) - 
5 carbonyl ] -L-phenyl al any 1 ] -N- 
[ ( S )-l- [l-hydroxy-2- [ ( 1-oxo- 
pentyl ) (phenylmethyl ) amino ] - 
ethyl ] -3-methylbutyl ]-L- 

histidinamide 1000 g. 

10 Methyl paraben 5 g. 

Propyl paraben 1 g. 

Sodium chloride , 5 g. 

The active substance, preservatives, and 

sodium chloride , are dissolved in 3 liters of water 
15 for injection and then the volume is brought up to 

5 liters. The solution is: filtered through a 

sterile filter and aseptically filled into 

presterilized vials which are closed with 

presterilized rubber closures. Each vial contains 
20 • 5 ml. of solution in a concentration -of 200 mg. of . 

active ingredient per ml. of solution for 

injection. 

In a similar manner, an injectable, solution 
containing 200 mg; of active ingredient per. ml. of. 
25 solution can be prepared for the product of any of 
Examples 1 to 7 and 9 to 36. 
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Example 39 

1000 tablets each containing' the following . 
ingredients: 

N-((lS)-l-(Cyclohexylmethyl)- 
2-hydroxy-3- [ [i-oxo-2- f [ (phenyl- 
methyl ) amino ] carbonyl ] hexyl ] - 
"' amino j propyl'] -N 2 - [n-[ (l, 1- *" " . ' 

dimethyletho xy)c arbonyl]-L- ', ______ 

phenylalanyl]-L- 
histidinamide 

500 mg. . 

Avicel 

300 mg. 

Lactose 

113 mg. 

Cornstarch p 

„ ' 15.5- mg. 

Hydrochlorothiazide- ■ ,v- P 

14.5 mg. 

Stearic acid 

7 mc. 
950 mg. 

are prepared from sufficient bulk ouantit- es '"-y 
slugging the N- ( (is )-l-(cyclohexylmethvl )-2- 
hydroxv-3- [ [l-oxo-2- [ [ ( phenylmethyl ) amino ] carbon^ ] 
hexyl ] amino ] propyl ] -N - (N- [ ( l , 1 -dime thy lethoXy ) - " 
carbonyl]. L -phenylalanyl].L-histidinamide, Avice^ 
and a portion of the stearic acid. The slugs are' 
ground and passed through a #2 screen, then mixed 
with the hydrochlorothiazide, lactose, cornstarch, 
and remainder of the stearic acid. The mixture *, 
compressed into 950 mg. capsule shaped tablets in 
a tablet press. 

In a similar manner, tablets can be prepared 
containing 500 mg. of the product of any of ' 
Examples 1 to 8 and 10 to 36. 
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; CLAIBS 
1. A compound of the formula 



V O R 3 R 2 0 R, 

1 'I I | H I 

X— NH— CH — C — NH -CH- CH - CH 2 ~ N -C-CH-R g 



OH" 



or such a compound. in pnartnaceutically acceptable salt 
form wherein: 



X is 



R 5 0 



O Rg ■ .0 



V ( CH 2 ) m~ © " C-e NH-CH - C-fe . 



R 5 O 



II 

R 6 < ' <CH 2 > m" S0 2"^' ~ C ^p ' or 



4, 
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0 . R 5 O 



V (CH 2> B CH ~ C KNH-CH- C-h ; 



(CH 2V 



R 6' 



p is zero or one;. 



R 3-'-h' R 5' R li' - a ^ d R -i-2 are •independently - 
selected from the group consisting of hydrogen, 
lower alkyl, halo substituted lower alkyl, 
-(CH 2 ) n - ar yl,-(CH 2 ) n -heterocyclo, -<CH 2 ) n -OH, 

~ ^ ^2 ^n-NH2 ' - (CH 2 ) n - SH ' -(CVn-S-loweAlJcyl, 
-<CH 2 ) n -0-(CH 2 ) -OH, -<CH ) n -0-(CH_) -NH, , 
-<CH 2 ) n -S-(CH 2 ) g -OH, . . 2 9 2 

y NH 

-(eH 2 ) n -S-(CH 2 ) g -N-H 2 , -(-CH a ) n -MH-C< 

■ NH 



2 



il 

-(CK 2 ) n -C-NH 2 . HCH 2 )— N-R ? , -CH,— N . 



i 



and'-(CH 2 ) R -cycloalJcyl; 

R x and R 2 are independently selected from' 
the group consisting of hydrogen, lower alkyl, 

" {CH 2 ) m" ar y 1 ' -<CH 2 ) m -cycloalkyl and -(CK,) - 
heterocyclo; n 
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R 6 and Rg 1 are independently selected from 
the group consisting of lower alkyl, cycloalkyl, 
aryl, and heterocyclo; 

m and m' .are independently selected from the 
group consisting of zero and an integer from l- : to 5; 
n is an integer from 1 to 5; 
g is an integer from 2 to 5; 

R ? is-CH 2 -0-CH 2 — (Q) , -CHj-^^ 




or -so 2 — \V>-<:r 2 



R Q is 2 , 4-dinitrophenyl ; 

Rg is hydrogen, lower alkyl, 
-{CH 2 ) m -cycloalkyi; -{CK 2 ) m -aryl, 
-(CH 2 ) n -heterbcyclo, . 

0 0 

ii , ■■ ii. 

-C-NH-R 1Q , . or-C-R 13 ; 

R 1Q is hydrogen, lower alkyl, 
- ( CH 2 ) m -cycloalkyl , - ( CH 2 J^-aryl , 
- ( CH 2 ) n - heterocyclo , or 



R U ?: . R 12 



.CH — - C -t NH-CH — C R 13 ; 



R 13 is hydroxy, -0- lower alkyl, 
-0- ( CH 2 ) m -cycloalkyl , -0- ( CH 2 J^-aryl , 
•0-(CH 2 ) n -heterocyclo, or -NH 2 ; 

q is zero or one;, 
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the term lower alkyl refers to straight or 
branched chain radical having up to seven carbon 
atoms ; 

the term cycloalkyl refers to saturated rings 
of 4 to 7 carbon atoms; 

the term "halo refers to CI, Br, and ' F; 
the term halo substituted lower alkyl refers 



to such lower alkyl groups in which one or more 
hydrogens have been replaced by chloro, bromo or 
fluoro groups ; 

the term aryl refers to phenyl, 1-naphthyl, 
2-naphthyl, mono substituted phenyl, 1-naphthyl, or 
2-naphthyi wherein said substituent is lower alkyl • 
of 1 to. 4 carbons, lower alkylthio of 1 to 4 
carbons, lower alkoxy of 1 to 4 carbons, halogen, 
hydroxy, amino, -NH-alkyl wherein alkyl is of 1 to 
4 carbons, or -N(alkyl) 2 wherein alkyl is of 1 to 
4 carbons, di or tri substituted phenyl, 
1-naphthyl or 2-naphthyl wherein said substituents 
are methyl, methoxy, me thylthio, halogen or 
hydroxy; and 

the term heterocyclo refers to fully saturated 
or unsaturated rings of 5 or 6 atoms containing one 
to four N atoms, one 0 atom and up to two N atoms, 
or one S atom and up to two N atoms and bicyclic 
rings wherein the five or six membered ring 
containing 0, s and N atoms as defined above is 
fused to a benzene ring. 
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2. A compound of Claim 1 having the formula 



R 4 O R 3 



R 2 0 R]> 



' I 1! I 

X — NH-CH -ONH-CH -CH^CHj- N -C-CH-Sg 



OH 



or sucn a compound in pharmaceutically acceptable salt 
form wherein: 



R 5 0 



II I H 



X is lower alkyl-O-C-NH - CH - C- . 



0 ■ R 5 0 

H .1 II 
<^^-ch 2 -o-c-nh-c'h C-, or 
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R x is hydrogen of lower alkyl of l to 5 
carbons; 

* 2 is ^ylTogen i«v. r alkyl of I. to 5 
carbons, - ( CH 2 ) m - cyclopentyl , -(CH 2 J^cyclohexyl , 



or -<CH 2 ) £ 




m is an integer from 1 to 3 
R 3 is straight or branched chain . lower alkyl 
of 3 to 5 carbons, -CH 2 -cyclopentyl . or 

-CH 2 ~ c y clohex yi; 



R 4 is -CH 2 — . -NH 



■ CH 2T ■ N- CH 2 -°- c H 2 -^ 



I 

H' 




-CH 2 — <g>-OH 
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-(CH 2 ) 2 -<0) 



or -CKr— n N ; 

2 v 



■NCU 



R. is 



-rC> 



N0 2 




2 i - . )- , -Cr. 2 - ( - -r.aphchyl ) , 



-cytlohexvi / 
w - 



-CI 



7 u 
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R 9 as lower alkyl of 1 to 5 carbons, 
' ( CH 2 > m -cyclc,pentyl , - ( CH ) -cyclohexyl , 



or 



0 



C-NH-R 1Q ; and 



R 10 is lower alkyl of 1 to 5 carbons, 
(CK 2 V cydopentyl- -<CH 2 ) m -cycIohexyl , 

^«2K-©' or -<CK 2 ) m -{0] .. 



3. A compound of Claim 2 



wnerein: 



O ; R 5 o 



X is (H 3 C) 3 C-0-C-NH-CH-C-; 

R i ^ s hydrogen or -(CH 2 ).-CE, ; 

R 2 is hydrogen, - (C H 2 ) 4 -CH 3 , °or -CH^^g) 



R 3 is -CH 2 CH(CH 3 ) 2 or -CH 2 -cyclohexyl ; 
lT~ N 



R 4 is -CH 2 -77— NH ; 



R 5 is -ch 2 -^) ; 

and 
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l g is ^<CH 2 ) 2 -CH 3 ; CH 2 - 





or — C — NH — ch 2 

4. The compound of Claim 3, N^-[N- 

[ ( 1 , 1 -dime thy lethoxy )carbonyl ] -L-phenylalanyl ] - 
M- [ ( S [l-hydroxy-2- [ ( 1-oxopentyl ) amino ] ethyl ] - 
3-methylbutyl] -L-histidinamide. - 

5. The compound of Claim 3, N 2 -[N-[(1,1- 
dimetoylethoxy) carbonyl] -L-phenylalanyl ]-N- 

[ ( S ) -l-[ l-hydroxy-2- [ ( l-oxo-3-phenylpropyl )- 
amino ] ethyl] - 3-methylbutyl ] -L-histidinamide . 

6. The compound of Claim 3, N*-[N- 

[ (1, 1 -dime thy lethoxy )carbonyl] -L-phenylalanyl ]- 

N- [ ( S )-!-[ l-hydroxy-2- [ [ l-oxo-2- [*[ (phenylmethyl ) - 

amino] carbonyl] hexyl] amino] ethyl ]-3-methyl- 

butyl ] -L-histidinamide, hydrochloride (1:1.25) . 

2 

7. The compound of Claim .3, N. «^ [N- [ ( 1 , 1- 
dimethylethoxy ) carbonyl] -L-phenylalanyl ]-N- 

[ ( S ) l-hydroxy-2 - [ (1-oxopentyl )pentylammo ] - 

ethyl ] -3-methylbutyl ] -L-histidinamide . 

2 

8. The compound of Claim 3, N - [N- [(1,1- 
dimethylethoxy ) carbonyl] -L-phenylalanyl ] -N- 

[( S) -1- [ l-hydroxy-2- {( l-oxo-3-phenylpropyi ) - 

pentylamino ] ethyl ] -3-methylbutyl ] -L-histidinamide . 

2 

9. The compound of Claim 3, N - [N- [ ( 1 , 1- 
dimethylethoxy ) carbonyl ] -L-phenylalanyl ] - 

N- [ ( S )-l- [l-hydroxy-2- [ ( 1-oxopentyl ) ( phenyl- 
methyl ) amino] ethyl] -3-methylbutyl ] -L- 
histidinamide . 4> 
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10. The compound.- of Claim 3 , N- [ ( IS )-l- ■■ 
( cyclohexylmethyi ) -2 -hydroxy>3- [ [l-oxo-2- 

[ [ ( phenylme thy I ) amino ] carbonyl ]hexyl ] amino ] - 

o ■ 

^ - r v — r ' i " - ^ ■* 1 ^ the * '"■^"•"hc 1 " 1 *'" 1 1 — 

L-phenylalanyi ] -L-histidinamide . 

11. A composition for treating hypertension 
in a mam. T r = li:.r. species comprising. a 
_pharmaceutically_accsp„tab.le„carrier_,and™an-anti^-™— 
hypertensiveiy effective amount of a' compound, of 
Claim 1 . 

12.. A method of treating, hypertension in a .'■ " 
mammalian species which comprises administering an 
anti-hypertensiveiy effective amount of the 
composition of Claim 11.' • • ' - - , - , . ^ 



•CLAIMS ~ 

1. A rt.itn inhibiting compound of 



-.i'e 




wherein A is an . N-protec ting group; n is 0 or 1; B is 

hydrogen, hydroxy/ NH*, loweralkyl or arylalkyl; with the 

. proviso that when A is an N-protecting group, B is NH 

and when n is 0/ B is hydrogen , hydroxy, loweralkyl or 

arylalkyl; R 3 and R 5 are loweralkyl or 

hydrophilic, lipophilic or aromatic amino acid side 

chains and may be the same or different; R 2 * 

R_, r and'.R are hydrogen or loweralkyl and may. 

7 3 9 ( 

be the same or different; X is J\m, 0, S, SO or S0 2 ; 

and R r is loweralkyl . c ycloalkyl , cycloalkylalkyl . 
o 

aryl, arylalkyl or an N-protec ting group , with the 
prouiso that R r may be 'an N-protecting group when X is 
NH . • - 

,2. The renin inhibiting compounds . of Claim 1 
wherein R^ and R^ are loweralkyl or lipophilic or . 
aromatic amino acid side chains and R^< R^. Ry 
*'R D and- R n are hydrogen.- 

3. The renin inhibiting compounds of Claim 2 
wherein R^- is benzyl or 'a- or B-.naphthyl. 

4. The renin inhibiting compounds of Claim 3 
wherein R^ is metnyl or imidazole-^-yl-methyl . 

5. .The renin inhibiting compounds of Claim 3 
wherein. R^ is isobutyl or c y c lohexy lmethy 1 . 

6. The renin inhibiting compounds of Claim J 

wherein^ X is NH, 0, S or S0 2 . 

7. The renin inhibiting compounds of Claim 3 

wherein R, is cyclohexyl or isopropyl. 
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8. The renin inhibiting compounds of Claim 3 
wherein X is S, Rj is benzyl- f? 3 is 
imicazole-4-yl-methyl. f? 5 is cy clohexylmethyl or 

benzyl and- R fi . is isopropyl or cy clohexyl . _. : _ . . 

9. The renin inhibiting compounds of. Claim 3 
ujnerein X is S, R, is B-naDhthyl. R 3 is ~ 
imidazole-4-yl-methyl.. R^ is cy clohexylmethyl , benzyl. 

or, isobutyl and R g is cyclohexyl. 

10. The renin inhibiting compounds of Claim 3 
wherein X is'SOj. R 1 is benzyl. R 3 is 
ixidazole-4-yl-methyl - is _cy clohexylmethyl arid R fi 

' is cyclohexyl.. or isoprosyl . 



